Introduction {#Sec1}
============

*Helicobacter pylori* (*H. pylori*) infection is one of the most common chronic bacterial infections in humans affecting approximately 4.4 billion people worldwide, with a prevalence of 28 to 84% in different populations \[[@CR1], [@CR2]\]. The incidence and prevalence of *H. pylori* infection are higher among people born outside North America compared with those among people born here. However, the prevalence is high within certain communities in North America and varies with socioeconomic status and race/ethnicity \[[@CR3]--[@CR6]\]. In general, the prevalence is lower among non-Hispanic whites compared with other groups such as African Americans, Hispanics, Native Americans, Alaska Natives, and Americans of Korean or Chinese ancestry \[[@CR7], [@CR8]\].

*H. pylori* infection is implicated in the pathogenesis of gastritis, gastric and duodenal ulcers, gastric cancer, and gastric mucosa‑associated lymphoid tissue (MALT) lymphoma \[[@CR9]--[@CR12]\]; its eradication is recommended in the treatment and/or prevention of these conditions \[[@CR13], [@CR14]\]. Treatment has also been recommended for patients with uninvestigated dyspepsia in the absence of alarm features, and for those with functional dyspepsia. Importantly, all patients with a positive test of active infection should be offered treatment \[[@CR3], [@CR15], [@CR16]\]. However, *H. pylori* treatment has been complicated and has required 10 or 14 days of multiple daily doses of three or four different medicines. Furthermore, the effectiveness of many regimens has declined due to increasing antibiotic resistance \[[@CR17]--[@CR21]\] making *H. pylori* eradication challenging. The World Health Organization has included *H. pylori* among 12 bacterial species requiring high priority future strategies for new antibiotic development---due mainly to high rates of clarithromycin resistance \[[@CR22]••\]. To address this global challenge, treatment guidelines for the management of *H. pylori* infection have been issued by expert groups in the USA \[[@CR3]\], Canada \[[@CR9]\], and Europe \[[@CR12]•\]. However, the scarcity of data on antibiotic resistance among *H. pylori* strains from North America remains a major area of unmet clinical need prompting calls for concerted efforts to establish surveillance registries for resistance patterns and success rates to guide effective treatment \[[@CR23]\]. Similarly, antimicrobial sensitivity testing for *H. pylori* performed on gastric biopsy specimens is not routinely available in most North American medical centers and requires upper gastrointestinal endoscopy; molecular methods to identify genetic mutations responsible for antibiotic resistance are not currently approved \[[@CR3], [@CR24]\]. In this review, we discuss the important role of *H. pylori* in gastric cancer, the management of *H. pylori* infection with a focus on diagnostic testing including culture and sensitivity, molecular techniques for resistance testing, and novel therapies that are currently in development or that have recently been approved.

*H. pylori* infection---a potentially modifiable risk factor for gastric cancer {#Sec2}
-------------------------------------------------------------------------------

*H. pylori* is an established gastric carcinogen, accounting for up to 89% of non-cardia gastric cancers globally \[[@CR25]\]. In 2018, *H. pylori* was responsible for an estimated 810,000 new cases of non-cardia gastric adenocarcinoma worldwide, making it the leading cause of infection-attributable cancer ahead of high-risk human papillomavirus and hepatitis B and C viruses \[[@CR26]\]. The American Cancer Society has estimated that there will be 27,600 new cases of gastric cancer in the USA in 2020, and 11,010 attributable deaths \[[@CR27]••\]. Of note, the burden of gastric adenocarcinoma in the USA exceeds that of both types of esophageal cancer combined \[[@CR27]••\] (Fig. [1](#Fig1){ref-type="fig"}). Importantly, evidence is accumulating that eradication of *H. pylori* infection in asymptomatic individuals reduces the risk of gastric cancer.Fig. 1The burden of gastric adenocarcinoma in the USA.

A retrospective study of 371,813 US veterans with *H. pylori* infection found a significantly reduced risk of gastric cancer among those with confirmed eradication \[[@CR28]••\]. In addition, Ford et al. have updated their previous systematic review and meta-analysis of randomized trials that examined the effect of *H. pylori* eradication therapy in asymptomatic individuals and the risk of gastric cancer \[[@CR14]••\]. They included six studies that were performed in East Asian countries and one from South America. They found moderate evidence of the benefit of *H. pylori* eradication therapy in reducing both gastric cancer incidence and mortality; these were reduced by 46% and 39%, respectively. They also confirmed the previously noted benefit of *H. pylori* eradication among patients who had endoscopic resection of early gastric neoplasia; treatment reduced the risk of further gastric cancer by 51% \[[@CR14]••\]. Similarly, an earlier systematic review and meta-analysis of six randomized trials and eight cohort studies by Lee et al. found that eradication of *H. pylori* reduces the risk of gastric cancer and may be the most viable strategy for primary gastric cancer prevention in asymptomatic infected individuals \[[@CR29]\]. A randomized, placebo-controlled trial by Choi et al. in South Korea has shown that *H. pylori* eradication also reduces the risk of gastric cancer among persons who had a first-degree relative with gastric cancer \[[@CR30]••\].

*H. pylori* testing {#Sec3}
-------------------

In countries with high gastric cancer rates such as Japan, Korea, China, and Taiwan, population-based *H. pylori* screening has either begun or is under consideration \[[@CR10], [@CR31]--[@CR33]\]. In North America, where the prevalence is lower than in Asia \[[@CR1], [@CR2]\], there is no current justification for population-based screening. However, there are certain established indications for *H. pylori* testing followed by treatment including active peptic ulcer disease (PUD), a past history of PUD (if cure of infection has not been documented), gastric intestinal metaplasia that is detected incidentally at endoscopy, gastric MALT lymphoma, history of endoscopic resection of early gastric cancer, and in patients with uninvestigated or functional dyspepsia \[[@CR3], [@CR15], [@CR34]\]. There is also evidence linking *H. pylori* to unexplained iron deficiency anemia, idiopathic thrombocytopenic purpura, and vitamin B~12~ deficiency. In these conditions, *H. pylori* infection should be sought and eradicated after other appropriate evaluation is done \[[@CR12], [@CR35]\].

*H. pylori* can be detected non-invasively with serology, the urea breath test (UBT) or the fecal antigen test. Although serological testing is widely available, it is no longer recommended due to its low positive predictive value among low prevalence populations, such as the USA. Furthermore, serological tests may remain positive after successful eradication \[[@CR12], [@CR36]\]. However, according to the 2017 American College of Gastroenterology (ACG) guideline on *H. pylori* treatment, it is acceptable to use serological testing in patients with a documented history of PUD (assuming that they have not already been treated for the infection). In most other circumstances, tests that identify active infection are preferred \[[@CR3]•\]. Despite such recommendations, prior studies found that serology was the most commonly used *H. pylori* test in the USA \[[@CR37], [@CR38]\]. However, the UBT and fecal antigen test are more highly sensitive and specific, detect only active infection, and are approved for both initial diagnosis and confirmation of eradication post-treatment \[[@CR3], [@CR31]\]. If endoscopy is indicated, gastric biopsies can be collected pre- or post-treatment to determine *H. pylori* status by histology and/or biopsy-based urease testing. All tests to confirm eradication should be performed after discontinuing proton pump inhibitors (PPI) for at least 2 weeks and antibiotics and bismuth-containing compounds for 4 weeks in order to avoid false-negative results. Histamine H~2~-receptor antagonists or antacids can be used without affecting the accuracy of the UBT or fecal antigen test \[[@CR31]\].

Invasive methods for *H. pylori* testing rely on endoscopy to obtain biopsies for urease activity, histopathology, or culture. Due to topographic variation in the density of *H. pylori* in the stomach, it is important to obtain biopsies from both the gastric body and antrum \[[@CR39]\]---particularly when endoscopy has to be performed on a patient who was recently taking PPI treatment. Biopsy urease tests are widely used as they are simple, cheap, easy to perform, and accurate for patients who are not on a PPI. However, they are subject to inter-observer bias, can give equivocal results, and should be interpreted in the context of pre-test probability and prevalence of *H. pylori* infection in the population \[[@CR36], [@CR40]\]. The sensitivity of urease-based testing may also be reduced by the presence of blood in the stomach \[[@CR41]\]. Histopathological testing for *H. pylori* provides an additional assessment of the gastric mucosa, such as the presence of chronic active gastritis (presence of mucosal inflammation, particularly polymorphonuclear leukocytes) or gastric atrophy, intestinal metaplasia, or dysplasia. The sensitivity of histology for *H. pylori* detection can be improved by immunohistochemistry, especially when chronic active gastritis, a condition that is almost pathognomonic of *H. pylori* infection, is seen but no bacteria are immediately apparent \[[@CR42]\]. The culture of gastric biopsy specimens has a specificity of 100% and allows for antimicrobial resistance testing. However, *H. pylori* culture requires stringent transport conditions, takes several days, and can be difficult to perform even in experienced hands. Its success is further complicated by the recent use of PPIs or antibiotics. Unfortunately, therefore, such testing is not widely available in the USA \[[@CR3], [@CR42]\].

Culture and sensitivity testing---lack of local resistance and susceptibility data {#Sec4}
----------------------------------------------------------------------------------

In contrast to the usual treatment of a bacterial infection, where choice of antimicrobial is guided by the organism's in vitro susceptibility and/or by local resistance data, treatment of *H. pylori* infection is still largely empiric. With increasing treatment failures, difficulty in eradicating *H. pylori*, and some evidence suggesting that culture-guided therapy is associated with higher eradication rates \[[@CR43], [@CR44]\], experts have called for more widespread antibiotic resistance testing. The Maastricht guidelines recommend clarithromycin resistance testing in regions where resistance is high before prescribing clarithromycin triple therapy or after the failure of second-line treatment \[[@CR12], [@CR31]\]. Antibiotic susceptibility testing can be done by culture or molecular determination of genotype resistance, both of which require gastric biopsies---a major factor in precluding widespread adoption of this strategy. Performing endoscopy for the sole purpose of obtaining biopsies also makes this approach less cost-effective. Despite these issues, some experts advocate moving antibiotic susceptibility testing to an earlier phase than waiting for two treatment failures, mostly due to rising levofloxacin resistance, a component of many second-line regimens \[[@CR23]\].

Although treatment guidelines strongly recommend using local susceptibility and resistance patterns for selecting *H. pylori* therapy, such data are lacking in many parts of the world \[[@CR23]\]. The scarcity of such data in the USA was an impediment to making strong evidence-based treatment recommendations in the 2017 ACG guideline on *H. pylori* treatment \[[@CR3]•\]. In the USA, only two publications over the last 20 years including fewer than 500 strains of *H. pylori* have described resistance characteristics \[[@CR45], [@CR46]\]. In Europe, a registry is recording real-time data on *H. pylori* resistance patterns; this could be used to tailor future treatment recommendations \[[@CR47]\]. There have been calls for similar registries to be set up across North America to provide local susceptibility data in an effort to improve eradication rates by recommending evidence-based first-line and salvage regimens \[[@CR23], [@CR31]\]. This would entail universal availability of stool or gastric biopsy culture and susceptibility testing or molecular genotypic analysis.

Molecular testing for *H. pylori* {#Sec5}
---------------------------------

Like other infectious agents, *H. pylori* can acquire resistance to various antibiotics. Therefore, susceptibility testing should be an important tool for effective treatment. *H. pylori* acquires resistance through genotypic mutation \[[@CR42]\]. The traditional phenotypic methods of culture and susceptibility testing can be applied to *H. pylori.* However, molecular methods such as polymerase chain reaction or fluorescence in situ hybridization to identify point mutations responsible for resistance, offer simpler and faster methods of detecting resistance and tailoring treatment accordingly. Molecular testing can detect resistance to clarithromycin and levofloxacin caused by point mutations but is not suitable for identifying metronidazole resistance that can be due to multiple mechanisms \[[@CR24], [@CR42]\]. Molecular tests can be performed on gastric biopsies obtained at endoscopy. Pre-treatment stool-based molecular testing, which obviates the need for endoscopy, should allow for a more universal transition from empiric to resistance-guided therapy but requires further development. While *H. pylori* strains are almost always sensitive to amoxicillin, tetracycline, and rifabutin, regimens containing clarithromycin or fluoroquinolones are increasingly ineffective for many populations because of increasing resistance rates \[[@CR17], [@CR23]\]. Individual susceptibility testing before first-line therapy is an attractive therapeutic approach but would require the widespread availability of molecular testing in stool samples. Currently, however, validated molecular testing on gastric biopsies or stool samples is not widely available and such tests remain under development \[[@CR48], [@CR49]\].

Treatment with a focus on primary and salvage therapies {#Sec6}
-------------------------------------------------------

All treatment guidelines agree that the best approach to the treatment of *H. pylori* infection is to succeed on the first attempt, thereby avoiding re-treatment and reducing cost, anxiety, and the further promotion of resistant strains \[[@CR23]\]. As antibiotic susceptibility data are not usually available, empiric first-line therapies should be based on some knowledge of patients' previous antibiotic exposure and history of penicillin allergy, and on some understanding of local resistance rates. Bismuth-based quadruple therapy (BQT), concomitant/non-bismuth quadruple therapy, and clarithromycin-based triple therapy were recommended first-line options in the 2017 ACG guideline (Table [1](#Tab1){ref-type="table"}) \[[@CR3]•\]. However, clarithromycin-based triple therapy should only be used for patients who have had no previous exposure to macrolides and who come from regions where the local clarithromycin resistance rate is known to be under 15%. This substantially limits the applicability of clarithromycin-based triple therapy. The ACG guideline also suggested non-bismuth sequential and non-bismuth hybrid quadruple therapies as first-line regimens, with the caveats that their complexity could lead to poor patient compliance and low clinician preference, and that these had not been validated within North America. In the USA, BQT is probably the best empiric choice. Its efficacy is unrelated to possible clarithromycin resistance and---since it does not contain amoxicillin---there are no concerns about possible penicillin allergy. In a recent retrospective study from Rhode Island, it had an eradication rate of 87% \[[@CR50]•\]---as long as it included tetracycline; eradication rates were lower among patients who received doxycycline in place of tetracycline. An interim analysis of data from the European Registry on *H. pylori* management found that the addition of bismuth to 14-day standard clarithromycin-based triple therapy achieved eradication in more than 90% of patients \[[@CR51]•\]. This may be an alternative first-line therapy in regions with moderate clarithromycin resistance but where there are no susceptibility data available. Bismuth has a synergistic effect with several antibiotics that is independent of clarithromycin and metronidazole resistance.Table 1American College of Gastroenterology recommended first-line therapies for *Helicobacter pylori* infection. Adopted from Chey et al. \[[@CR3]\]RegimenDrugs (doses)Dosing frequencyDuration (days)FDA approvalClarithromycin triplePPI (standard or double dose) Clarithromycin (500 mg)Amoxicillin (1 g) or Metronidazole (500 mg TID)BID14Yes^a^Bismuth quadruplePPI (standard dose)Bismuth subcitrate (120--300 mg) or subsalicylate (300 mg)Tetracycline (500 mg)Metronidazole (250--500 mg)BIDQIDQIDQID (250)TID to QID (500)10--14No^b^ConcomitantPPI (standard dose)Clarithromycin (500 mg)Amoxicillin (1 g)Nitroimidazole (500 mg)^c^BID10--14NoSequentialPPI (standard dose) + amoxicillin (1 g)PPI, clarithromycin (500 mg) + nitroimidazole (500 mg)^c^BIDBID5--75--7NoHybridPPI (standard dose) + amoxicillin (1 g)PPI, amoxicillin, clarithromycin (500 mg), nitroimidazole (500 mg)^c^BIDBID77NoLevofloxacin triplePPI (standard dose)Levofloxacin (500 mg)Amoxicillin (1 g)BIDQDBID10--14NoLevofloxacin sequentialPPI (standard or double dose) + amoxicillin (1 g)PPI, amoxicillin, levofloxacin (500 mg QD), nitroimidazole (500 mg)^c^BIDBID5--75--7NoLOADLevofloxacin (250 mg)PPI (double dose)Nitazoxanide (500 mg)Doxycycline (100 mg)QDQDBIDQD7--10No*BID*, twice daily; *FDA*, Food and Drug Administration; *PPI*, proton pump inhibitor; *TID*, three times daily; *QD*, once daily; *QID*, four times daily^a^Several PPI, clarithromycin, and amoxicillin combinations have achieved FDA approval. PPI, clarithromycin and metronidazole is not an FDA-approved treatment regimen^b^PPI, bismuth, tetracycline, and metronidazole prescribed separately is not an FDA-approved treatment regimen. However, Pylera, a combination product containing bismuth subcitrate, tetracycline, and metronidazole combined with a PPI for 10 days is an FDA-approved treatment regimen^c^Metronidazole or tinidazole

In patients who fail first-line treatment, BQT or levofloxacin-based triple therapy are second-line options that avoid the re-use of clarithromycin; levofloxacin-based triple therapy should only be used second-line if levofloxacin was not used first-line. However, amoxicillin and tetracycline can be re-used due to continuing low resistance to these agents. Metronidazole, which has a synergistic effect with bismuth, can also be re-used \[[@CR23]\] assuming patients can tolerate it.

Perceived allergy to penicillins (including amoxicillin) may be an obstacle to effective treatment of *H. pylori* infection. While up to 20% of the general adult population may consider themselves to be "allergic" to penicillin, over 90% can safely receive amoxicillin after appropriate negative skin testing \[[@CR52]•\]. Therefore, the 2017 ACG guideline recommended allergy testing in patients who had failed first-line therapy and who reported a history of penicillin allergy.

After more than one failed attempt at eradication, the selection of a salvage regimen is required. The Maastricht guidelines recommend culture with susceptibility testing after the failure of second-line treatment. When such testing is not available, BQT or---if a fluoroquinolone had not been used initially---a levofloxacin-based regimen may be attempted. Both high-dose dual therapy (amoxicillin and PPI) and rifabutin-based regimens \[[@CR53], [@CR54]\] have been considered by all major guidelines but with variation in the strength of their recommendations (Table [2](#Tab2){ref-type="table"}) \[[@CR3], [@CR9], [@CR12], [@CR23]\].Table 2Treatment of *Helicobacter pylori* patients with prior failed attempts. Based on Recommendations from the American College of Gastroenterology (ACG), Toronto Consensus and Maastricht V/Florence Report. Reproduced with permission from Fallone et al. \[[@CR23]\]RegimenACGToronto^a^Maastricht V/FlorenceBismuth quadruple therapy ^b^Recommended choiceRecommended choiceRecommended choiceLevofloxacin therapy ^b^Recommended choiceRecommended choiceRecommended choiceClarithromycin-based PPI triple therapyNot RecommendedNot RecommendedRecommended if failed bismuth quadruple and levofloxacin and from a low clarithromycin-resistance areaConcomitant non-bismuth quadruple therapyRecommended if previous bismuth quadruple treatment failedNot enough evidence to commentRecommended if failed bismuth quadruple and levofloxacin and from a low clarithromycin-resistance areaHigh-dose dual therapySuggestedPromising but insufficient evidence to recommendConsider if high rate of dual clarithromycin/ metronidazole resistanceRifabutin therapySuggestedRestricted to those who failed treatment 3 or more timesConsider if failed clarithromycin based and bismuth quadruple therapies and is from high fluoroquinolone resistance area (ie, failed treatment 2 or more times)^a^Treatments should be directed by susceptibility testing whenever possible^b^Choice based on previous exposure (e.g., if previous exposure to clarithromycin or levofloxacin, can use bismuth quadruple, and if previous exposure to clarithromycin or metronidazole, can use levofloxacin therapy)

Recent developments in *H. pylori* treatment {#Sec7}
--------------------------------------------

In the absence of access to reliable antimicrobial sensitivity testing and based on the above considerations, BQT is a reliable empiric choice for the treatment of *H. pylori* infection. Similarly, a study from China showed that BQT was as effective as targeted therapy based on sensitivity testing \[[@CR55]\]. A systematic review and meta-analysis by Yang et al. showed that both BQT and high-dose dual therapy achieve similar eradication rates and adherence, with the latter causing fewer side effects \[[@CR56]\]. Other areas of development stem from promising results with high-dose dual regimens and rifabutin-based regimens.

The rationale for dual therapy with high doses of a PPI and amoxicillin is that *H. pylori* is only very rarely resistant to amoxicillin whose bactericidal effect on *H. pylori* increases at high gastric pH \[[@CR57]\]. Treatment with high-dose PPI and at least 3 g/day of amoxicillin for 14 days has produced eradication rates of 70--89% in patients with one or more prior treatment failures \[[@CR3], [@CR58]\].

Another development is the 2019 approval by the United States Food and Drug Administration (FDA) of a combination product (Talicia®; RedHill Biopharma, Raleigh, NC) containing omeprazole, rifabutin, and amoxicillin \[[@CR59]•\]. This is the first and only FDA-approved rifabutin-based *H. pylori* therapy. Potentially, it may improve patient compliance with treatment because of its relative simplicity. In the "ERADICATE Hp2" trial, this combination successfully eradicated *H. pylori* in 84% of patients compared to 58% who received the same doses of omeprazole and amoxicillin, but without rifabutin. The recommended dose for this product is four capsules taken three times daily for 14 days; total daily doses are omeprazole 120 mg, rifabutin 150 mg, and amoxicillin 3 g. This should provide a more simplified treatment regimen comprising 12 identical capsules of a single combination product rather than multiple medicines in variable doses. Myelotoxicity, which is a rare complication of treatment with rifabutin, is largely confined to doses greater than 600 mg per day, and/or to prolonged use \[[@CR54]\]. As such, this should not be an issue with Talicia® given that the total rifabutin dose would be 150 mg daily for 14 days. Furthermore, the development of narrow-spectrum agents against *H. pylori*-specific targets remains an area of active research and provides ample opportunity since numerous *H. pylori* genomes, with potentially novel targets for drug development, have been sequenced \[[@CR23], [@CR60]\]. The development of newer, more effective treatments for *H. pylori* infection has not been a major focus of the pharmaceutical industry in recent years. This reflects the fact that the infection is most prevalent in poorer, less developed nations and that effective treatment would---necessarily---be of short duration and prescribed only once without opportunities for repeat prescriptions or more prolonged use \[[@CR61]\]. However, with the emergence of these simpler approaches, this may finally be changing.

Acid suppression with potassium-competitive acid blockers {#Sec8}
---------------------------------------------------------

Vonoprazan, the first-in-class and most extensively studied potassium-competitive acid blocker (P-CAB), has a more rapid onset of action, longer duration, and more profound acid suppression than PPIs \[[@CR62]\]. In clinical trials in Japan, investigators have substituted it for a PPI. This, in general, has resulted in 10‑20% higher eradication rates when used in clarithromycin-based triple therapy \[[@CR63]•\]. Dual therapy with vonoprazan and amoxicillin has also yielded promising results. Furuta et al reported a 92.9% eradication rate with vonoprazan 20 mg *bid* and amoxicillin 500 mg *tid*, compared with 91.9% with vonoprazan 20 mg *bid*, clarithromycin 200 mg *bid*, and amoxicillin 750 mg *bid*, with both regimens given for 7 days \[[@CR64]\]. Similarly, in a multicenter randomized trial, Suzuki et al. reported eradication rates with dual (vonoprazan 20 mg + amoxicillin 750 mg *bid*) and triple (vonoprazan 20 mg + amoxicillin 750 mg + clarithromycin 200 mg *bid*) regimens of 84.5% and 89.2%, respectively \[[@CR65]\]. The more potent and sustained degree of acid suppression with vonoprazan enhances the effectiveness of amoxicillin and could obviate the need for clarithromycin \[[@CR23], [@CR66]\]. A phase 3 clinical trial of vonoprazan-based dual and triple regimens for *H. pylori* infection was underway in the USA and Europe. However, at the time of writing (March 2020), this was temporarily halted in view of the Covid-19 pandemic although has subsequently been resumed. Other P-CABs are currently available in some Asian countries although not used routinely in *H. pylori* eradication regimens \[[@CR67]\]. There are subtle differences within the P-CAB class with respect to pharmacodynamics \[[@CR68]\], just as have been demonstrated for the PPIs.

Role of probiotics in *H. pylori* management {#Sec9}
--------------------------------------------

Meta-analyses of trials of probiotics containing single or multiple microbial strains have provided little evidence of benefit in improving *H. pylori* eradication rates. Included trials were generally of low quality and had a high risk of bias due to lack of blinding and the use of poorly defined combinations and concentrations of probiotic strains \[[@CR69], [@CR70]\]. Despite these limitations, some multi-strain probiotics may improve eradication rates \[[@CR62], [@CR63]\], and may help to reduce side effects and thus improve compliance with treatment \[[@CR69], [@CR70]\]. Probiotics may offer significant potential in this regard; however, further study is needed to elucidate their influence on ongoing *H. pylori* eradication efforts.

Development of an *H. pylori* vaccine {#Sec10}
-------------------------------------

The development of an effective *H. pylori* vaccine that will circumvent the current problem of declining eradiation rates and rising antibiotic resistance would be an attractive management strategy. Although efforts to develop such a vaccine have had little success over the past three decades \[[@CR23], [@CR71]\], a recent large phase 3 trial conducted in China using an oral vaccine containing recombinant urease B provided \> 70% protection against natural *H. pylori* infection \[[@CR72]\]. This landmark study has renewed interest in the development of a safe and effective *H. pylori* vaccine as a much-needed prophylactic alternative to the use of complex antibiotic regimens for the treatment of established infection.

Conclusions {#Sec11}
===========

Declining *H. pylori* eradication due to rising antibiotic resistance worldwide is a significant global public health challenge. *H. pylori* infection is a potentially modifiable risk factor for gastric cancer. *H. pylori* infection is also still the single most common cause of PUD that, in turn, is the single most common cause of upper gastrointestinal bleeding. The most recent US treatment guideline indicates that a 14-day course of BQT would be the most reliable, empiric first-line therapy. However, this carries many limitations including its complexity and the frequent lack of availability of generic tetracycline. Concomitant non-bismuth quadruple therapy is an alternative. However, in the absence of antibiotic sensitivity testing, this necessarily leads to inappropriate use of individual antibiotics (i.e., clarithromycin or metronidazole) to which the *H. pylori* strain may already be resistant and the unnecessary addition of metronidazole in the treatment of clarithromycin-sensitive strains. This represents poor antibiotic stewardship. The recent approval of the combination regimen of omeprazole, rifabutin, and amoxicillin is likely to have a major impact on management. Although rifabutin-based regimens were not recommended for first-line use in the 2017 ACG guideline, that document was prepared before the availability of the results of the US-based clinical trial \[[@CR59]\].

Antibiotic resistance testing---where available---should still be considered after failure of eradication with two different regimens. All patients should receive post-treatment testing to confirm eradication using the UBT, fecal antigen test, or histology (if endoscopy is performed for another indication) after discontinuing bismuth and antibiotics for 4 weeks, and PPIs for at least 2 weeks. The potential incorporation of vonoprazan or other P-CABs into eradication regimens is of great interest. Studies from Japan and other Asian countries have yielded promising results. Now that the phase 3 trial in the USA and Europe has been resumed, its results will be of great interest.

As pre-treatment susceptibility testing (including molecular and stool-based testing) is unlikely to be widely available any time soon, coordinated efforts to obtain local and regional resistance and susceptibility data will form the basis of effective management while attempting to uphold principles of antibiotic stewardship. In the absence of resistance testing by traditional or molecular methods, empiric *H. pylori* eradication therapy should be based, whenever possible, on regional or population-specific antibiotic susceptibility data as well as knowledge of individual patients' personal antibiotic histories and the presence of true penicillin allergy.

The emergence of simpler 14-day regimens and combination products should improve practice and simplify current cumbersome treatment regimens. Such efforts to improve patient compliance should lead to higher eradication rates. In the meantime, effective management comprises appropriate diagnostic testing, avoidance of ineffective regimens, and routine post-treatment confirmation of eradication.
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